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MODEL LBO-510 
OSCnLI.OSCOPE 
OPERATING INSTRUCTIONS 



1. DESCRIPTION 

1.1 Genera! 

LBO-510 is a. compact general purpose 130rntn (5”) oscilloscope with wideband (DC to 
and higli sensitivity (20m Vp-p/cm) characteristic; . It is designed for maximum 
usefulness in service shops, tcchnicrd school? and laboratories. It features FET's in input 
circuits, IXI-coupled amplifiers, pha.scs (up to 140^) line frequency sweep and vertical calibration 
voltage. Return trace blanking is provided for clear wavefotm display. 

1.2 Specificntioris 



Vertic..rl Axis 

Deflection Sensitivity 
dandwidth, --3dB 

'nput Impedance 
Input Control 
Calibration Voltage 
Ma.ximum Input Voltage 
Hori'iontal Axis 

Deflection Sensitivity 
Bandwidth, - 3dB 
Input Impedance 
Maximum Input Voltage 
Sweep Circuit 

Frequency 

Synchroni/.ation 



CRT Section 

Accelerating Voltage 
Display Area 
Z-Axis Modulation 
I’ower Supply 
Sitm and Weight 



20rnVp-p/cm or better, 

DC: DC to 4MHz. 

AC: 2Hz to 4MHz. 

IMS2: less than 40pF in shunt. 

XI, XJO, XlOO, and fins adjuster. 

O.lVp-p at line frequciiiiy. 

600V (p-p + DCV). 

300mVp-p/cm or betten. 

DC to 250kHz 

IOOkS2; less than 40pF in shunt. 
lOOV (p-p + DCV). 

lOHz to 1 OOkHz in fou' steps with fine adjuster. 

Internal - ik +: external; line. 

Scn.sitivity : Internal, 1 .5cm vertical amplitude. 

External, ‘jver IVp-p. 

Approx. I 500V. 

8 X 1 Oern. effective . 

Over 20Vp-p from external source. 

TOO, 115 or 230V ,is tpccificd, 50/60Hz; approx. 15VA. 
2 50 (H; X 180 (W) X 415 (D) mm; 7kg. 

10” X 7” X 1 6/j; approx. I 5 lbs. 
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.3 <.'.1. 



A: c:c .ssorics, 

Test jcad with b;in.<n.i [ilug 
Instruction M.inu.il 1 c:i. 

(.Option (scpai.iic order) 

l.ow -capacitance p'ldu' LP-15Y 

CONTROLS AND CONNECTIONS 



Before operating tire LBO-510, especially for the first time, it is advisable for the user to 
becoinc faiirilint with i.uncttun.s of vai ious switclics, controls, etc., described below. 




1. Hooc for CRT 

2. Graticule 

3. VERT GAIN 

4. ^ Positioning 

5. VERT INPUT 

6. V IN 

7. Ground tcrTtrinal 



.Fastened with four thuinbscre ws. 

Marked in 8 vertical and 0 horizontal divisions, each 
division = 1cm, willi 5 minor (2tnrn) markings on center 
lines. 

For adju.stiiig tlicr vertical ariplitudc between range steps. 
For positioning the trace vertically on the CRT screen. 
Three ranges, XR XIO and XIOO, for vertical input 
coiUrul; CAL O..IVp-p setting lor sensitivity calibration. 
Vertical input connector, UHF type. 



8 . 



9 . 

LO. 

11 . 

12, 

13. 

14. 



15. 

16. 

17, 

18. 

19. 



20 . 

21 . 



Ac-rx;-GNi) 



SYMC MODL 

SWI-.nP VARIABLE 

SYNC IN 
Clround socket 

E! IN 



SWEEP FREQ Hi 



Positioning 
HOR GAIN 
POCUS 
INTENSITY 
PHASE, POWER OFF 



Pilot lamp 
Carrying handle 



Ssvitcli ior vertical aniplifki iiiptu: AC to bic.ck nut 
tin.' 1X1 fomponOTit, Dt. fot direct coupling, .and CN 17 
to gtoaiitl the amplifier inpul (input signal is al open 
circuit }. 

Two settings for intcrmil (^ and - ); line frCLjUe'nev and 
csternal. 

For .idju-stiiig .sweep freijucncy between step.s of SWEFd^ 
FREQ Hx switch. 

Socket for lead connection to external sync source. 

.Socket for lead connection to external horixorital input 
signal 

Four steps to set sweep frequency range in lOH?. to 
lOOkHz; at LINE for iwecp at line frequency (phasing 
with PHASE control H; at P'XT for e.xterna! horizontal 
input from 1 3. 

For positioning the tract horizontally on the CRT screen. 
For adjusting the clarity of the CRT spot. 

For adjusting the clarity of the CRT spot. 

For adjusting the brightness of the CRT spot. 

For adjusting the plia; c of the line frequency sweep; 
knob sets AC power at on when rotated clockwise and 
at off at full counterclockwise setting. 

Indicates when AC power is at on. 
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2.2 Rear Panel, see Fig. 2-2. 



22. At; cord 

2.3. Coni liook.s 

24. INTEN MOD Z 

25. Ground socket 

3. OPERATION 

3.1 Precautions in Operation 

3.1.1 AC Line Voltage 

The AC voltage for operation siiould be kept within ±10% of the rating as specified. If lower, 
proper performance will not be achieved. At higher voltages, internal power supplic.*; may be 
damaged, especially when applied for long periods. 

3.1 .2 M-aximum Input Voltages 

Voltages applied to different input connectors intisc not t xcccd the valuers indicated in 
the char: below. 



Connector 


Max. Volts (p-p + DC) 


V IN 


600 


H IN 


100 


INTEN 


30 


MOD Z 





Examples of maximum conditions arc shown at “A” and “B” m Fig. 3-1. 



+ .100V 



+ 20 V 



B 

Fig, FI M.axiimim voltages at V IN (H IN). 

CAUTION; Do not eoiniect to the flyback circuit in TV sets. 

3.1.3 Prevention of “Ion burns” 

when the CRT be.im i.s concerurated in a spot on the screen, tlicrc will be possibility of 
burning the p.articular portion. The INTENSITY control should always he adjusted to 
e.xtinguish the spot during standby periods, or the .spot must be kept in motion with the sweep 
frequency. 

3. 1 .4 Innuence of Strong Magnetic Fields 

The l.BO-510 should be operated in locations where local magnetic field is not present, 
there will be a distorted display of waveforms. Keep the “gun type” solderi]ig irons away 
from the scope. 




A 




lo)r AC cord stoinge. 

Socket for lead connection to Z-axis modulating source. 
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3.2 Pieparaiioii 



Nc:iv fully c.lockw'isu. 
at midposirioii. 



Fully couiUL-rclockwisc . 
Fully clockv.’is>c, 

XIOO. 

INT +. 

Ac; 

10 look, 

any scttinp,. 



A. C'.O'Uiol vScuings: 

I.NTENSn'Y 
FCXIUS 

^ (vurfiLai) 

(horizontal! 

VERT CAIN 
MOR CAIN 
VERT INPUT 
SYNC MODE 
AC -TX; CND 
SWEEP FREQ Hz 
SWEEP VARIABLE 

B. Coniiectiom.: 

1. Remove AC cord off lire staiuloffs at back of cabincL. 

Connect the pluf^ to the AC line, 

2. Test lead or low capacitance probe to V IN connector. 

3. Test lead to V IN ground. 

C. Adjustments: 

1. Rotate PHASE knob clockwise to turn on the AC power switch. 

2. Adjust IN'PHNSITY and FCXIUS controls for clear trace. 

LINE SWEEP 
PHASE 



Fig. 3-2 Turning on AC power 




POWER OFF 



3.3 Wavcroim Observation 

3-3.1 General 

I . Connect the leads Iroin V IN to test point ol circuit under c.v.-imination. 

2. AC - rX; -CNN .switch settings - 

AC: For AC input, or to pick out llte AC coinponerU wlien theie is super- 

posed DC voltage in the input signal. 

rXL Generally Used when only the AC signal is under examination or for 
IXl voltage measin emeius. 

GNU: userl durlnj: vereicid calihrution only (See .Sect 3. 5) 

3. Set VERP INPUT switch at XIOO, XIO, oi XI and udiust VERT GAIN conticd for 
suitable trace aniplitudc, 

4 . Set HOR, GAIN control for suitable trace width. 

5. Set SW'EEP FREQ .switch at 10-100, etc., and adju.st SWEEP VARl.ABl.E contio! 
a.s required for the waveform display. 




6, Adjust the spot positioning controls to position tlie trace as required on the graticule. 
3.3-2 Use o.f SYNC-' MODE .switen 

As long as the tiact- amplitude i.s l..Sctn or more, the sweep will be sv n chroni'zed and the trace 
will "stop". Tins occurs when the sweep frequency is the .same oi at .a subnuilt iple of the input 
frequency. 

A. INT+otlNT : 

]. For sine waves, cither setting can be used. 

2, For irregular wavelonns, the setting will depend on which peak the .synchroiii?.ation 
i.s desired. 

B. LINE: 

This setting is used when the input frequency is rcdaicd to the AC line frequency 
50, 100, 150Hz ....etc. [60, 120, 1 80H?. .... etc.) 

C. EXT: 

For synchronizing the .sweep with .an c.xtcrrial source; the input is connected to 
SYNC IN socket. Input voltage should be appro.\imately IV’p-p; higher voltages nui.st be 
lowered with u.sc of a voltage divider. 

3.3.3 External Sweep Operation 

1. Set SWEEP FREQ Hz switch at EXT. 

2. Connect the external swec[) input to H IN socket. NOTE: Do not apply more than 
lOOVp-p [p-p + DCV). A blocking capacitor of suitatlc value must be used when 
only the AC component is to be utilized. 

3. Adjust HOR. GAIN control for desired sweep width. 

3.3.4 Use of Line ] ■rcqucncy Sweep 

T^ic LINE setting of SWEEP FREQ switch is used when it is desired to p' rase the input 
signal at line frequency, such as the horizontal output front certain types of TV, FM, or AM 
sweep generators. 

The LINE SWEEP PHASE control IS used in the phasing. Reference should be made to 
operating instructions of the sweep generator in use. 

3.4 Intensity Modulation 

Frequency markers, timing pulses and other signals can be applied on the trace with 
connection from sweep gencrator.s, etc., tu INTEN MOD .socket, on the rear p.ancl. Appro.xi- 
matcly 20Vp-p input is required. 

3.5 Voltage Measurements 

3.5-1 Applications 

when comparing the pci foi nuincc of amplifiers, tuners, etc., it is convenient tu determine 
the re.sponsc in terms of voltage. After calibration, IXl voltages and within limits, DC voltage 
superposed on the AC component can be inc.isurcd. 
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3.S.2 Vi;lt,ig(_' Calibraiioii 

I . Swiu li settings: 

VHRT INPUT nt CAI. O.lVji p. 

AC- nC- tiNl) ;u CND. 

SWPEF FREQ at 10-100. 

2 . AdjustmL’iits: 

SWEEP VARIABLE, for .-i two-cycIc trace. 

VERT GAIN for trace ainplitiide at 5cni, pe.ik ti. pc:tk, see Fig. 3-3. 




Fig. 3 3 Vert amplitude calibration 
Adjust vertic.al positioning it ncce.ssary. 

Do not touch VERT GAIN control after this adjustment; this is important. 

3. Under conditions in step 2 above, Icni vertically rcpresetu.s 20niVp-p (0,02Vp-p). 
At VERT XI, Icrn = 20inV : at XI 0 and X\00 rcspeci ivcly , the sensitivity is 0.2Vp p 
and 2Vp-p. 

4. Ac other calibrating amplitudes, diftcrent scnlivitics can be obtained as .shown in 
CPI ART 3-1. 

Cl I ART 3-1 Vertical Sensirivities 



Calibrating Amplitude, 


V 


p-p per cm 




peak-to pack at O.lVp p 


XI 


XIO 


XJOO 


5 cm 


20itiV 


0.2V 


2.0V 


2 cm 


50niV 


0.5V 


5.0V 


1 c tn , 


100m V 


l.OV 


10. OV 



NOTES; 1. Eor good accuracy, the AC line voltage must be at tlie rated value. 

2. The Vrnts value for sine waves only i.s Vp p/2.83, <?t 0.353Vp-p. 

3,5,3 AC Voltage Mcavurements 

1. After calibration, set AC-IXI GND switch at AC, 

2. Set the VERT INPUT sw-itch lo place the w.'iVcTonn peaks w'ithin upper and lower 
lines on the graticule. 

Note tile distance between the peaks. 



3 . 




' 1 . 



The peak to-pcak voltage is given by 

(Distance in cm) X (Vp-p/cm) X Multiplier =- Vp-p. 

Example: (See Fig. 3-4). 



Fig. 3-4 Vp-p mcasuremeiu. 



Distance 


4cm 


Vp-p/cm 


20niVp-p (sensitivity calibration 


Multiplier 


XI (VERT INPUT setting). 


Voltage 


(4 X20mVp-p X I) = 0.08 Vp-p. 


3.5.4 DC Voltage Mea.sureincnts 




The scope can be used a: 


s a DC voltmeter with high input resistance. 



1. After calibration, .set AC-DC-GND switch at GND. The sweep controls arc not 
adjusted. 

2. Adjust vertical positioning to set the trace on cente horizontal line for OV, sec 
dashed line in Fig. 3-5 (actually the trace is continuous). 



A :m 

^ Fosiiion 



Fig. 3-5 Dti voltage mtasurcmciu. 

Set AC-DC-GND switch at DC. 

Connect VERT IN leads to voltage under measurement. 

The trace will move up for +V and down loi. -V. 

Sot VERT GAIN switch so that the trace position is below upper line or above 
lower line. 

The voltage range is then ±0.08V at 20mVp-p calibration with VERT INPUT switch 
at XI. 

At XIO and XlOO respectively, the range will be ±0.8\^ and ±8.0V. 

At other Vp p/ern .sensitivities, (see Sect. 3.5.2), refer io CHART 3-2. 



3. 

4. 

5. 
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CHART 3-2 IX: Voltage Ranges 



Calibration : 
V p-p/cm 


Full Range EK,' Voltage.s 
(OV at center line) 







XIO 


XlOO 


20m V 


+0.08V 


±0.8V 


±8.0V 


50mV 


+0.20V 


±0,8V 


+20.0V 


lOOmV 


+0.4V 


±4.0V 


140,0V 



NOTH; By positioning the OV reference' below or above the center line, it is possible 
to widen the measuring ranges. For c.xample. if .set at the lowest line, 
the range will be 0 to +0.16V, etc., and vice versa, 

3,5,5 DC Superposed on AC 

1. The voltage sensitivity is set as given in Sect, 3.5.d, 

2, An c.sample with sine wave is shown in Fig. 3-6. 



tO.sv 

+<>.fjV 

+ 0SV 



DC - +O.SV 
AC -o.2Vp(> 



Fig. 3-6 Simultaneoii.s DC and AC measurement. 

3. When the AC voltage is high compared with DC voltage, each must be measured 
separately, 

3.5.6 Use of Prohe, LPB-lOY 

when the low-capacitance probe, LPB-lOY, is used, the voltage sensitivity i.s lowered by 
a factor of 10. The voltage, AC or DC, as measured must be multiplied by 10. 

3.6 Other Applications 

Typical usc.s of the L13O-510 other than lor waveform display and voltage measurement.s 
are given below. 

3.6,1 Fretjuency Comparison 

Unknown frequencies under test can be compared wltli a standard, or known, frequency 
by the lis.sajous p.atterii method. 

1. Connect the unknown frequency to V IN. 

Adjust vertical controls lor suitable amplitude. 

2 . Corrnect the .standard, or reference, frequency to H IN- 

.Sct SWUEP FREQ switch at EXT. 

Adjust HOR- GAIN for .suitable width. 



Froer.dure tq 



Procedure I 
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Adjust tlie kiiow]i, or uiiknowu, ficquciiuy for ,i clcarl'/ dt'firicid single or muhiple 
loop pattern 

'I. T'lie frequency is cnlculatcfl from tlie following relation : 



wlicre Fj = standard frequency Jliorif on tal in put j 
F|j = unknown frequency (vertical input) 

= number of loops on upper line. 

Ny ■= number of lortps on left line. 

The putcern lor X3 is slunvn in Fig, 3-7. 




Examples: 

A, Use of line frequency a.s standard. 

1. Set SWEEP FREQ at LINE: AC-DC-G.ND sw.itcli at .AC, 

2. Connect .a variable .ludlo oscilkitor to V IN. 

3. Adju.st the generator frequency contrrjl. 

At 50, 100, 1 50H.Z .... (or 60, 120, I80H?: tire pattern with I, 2, 3 .... 

loops will be displayed: these are at multiples of the line frequency. 

B. Use of ) kHr .standard. 

When a IkHv standard is used (horizontal input), tile sainc patterns will be 
displayed at 1, 2, 3 ... kHz. At submiikiplcs. namely, 500. 333. 250, 200Hz .... 
etc., the p.itterii.s will be rotated by 90 but the .same formula is used in t.dculation. 
3.6.2 Plni.se Dc.tennination 

■phe phase angle of a given frequency at dilferciit poiiu.s in a circuit can be determined by 
connections to V IN and H IN sockets. The upper Irequency limit i; appro.ximatcly lOkliz. 

1. Set tlic SWEEP FREQ .sw'itcli .-ii EX T. 

2. Adjust tile gain controls for suitable height and width. 

.3. Referring to Fig. 3-8, the phase angle i.s calculated from tin: frdluwing relation: 



•sin 6 = A/B, or 0 sin'*- A/B. 




Phase angle iticas irctucnt. 
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3.6.3 Am p]it.udc Modul:uioii McasurijiTu.’in 

Two me tl'iod.s will be jd''*.’" dcternunat.io.ri o( amplitude r iodulation of carrier (requencie.s 
up to 4MH;:, 

Tbe Mpi'ul input to V IN may be obtained (rotn a pickup coil loosely coupled to a radio 
transtn itter . or direct from a signal generator (at least IVrms will be required). Care mu.st be 
exercised wdieii making the transmitter measurements. 

Depth of vuodulation, in, i.s calculated from the relation. 

A B 

m = X 100% 

A + B 

A. Envelope method. 

Adjust sweep controls for a two-cycle display, see '‘A” in Fig. 3-9. {NOTE: A signal 
from the audio source to .SYNC IN, with SYNC MODE switch at EXT, can be used 
ill syichronizing the sweep). 




A: Envelope method B: Trapezoid rictliod 

Fig. 3-9 AM measurements. 

,B. Trapezoid method. 

J. Set SWEEP FREQ switcVi at EXT. 

2, Connect a p.art of the audio rnodulatiort source :o H IN, 

3. Adjust HOR GAIN for suitable width. 

4 . CIRCUIT DESCRIPTION 

4.1 General 

In this .section the circuits which compose the LBO-510 wil be briefly de.scribed. Reference 
will be made to the functional block and .schernatic diagrams. 

4.2 Vertical Amplifier 

The signal under c.Kamination is connected to V Inpur, The AC-DC-GND switch inserts 
a blocking capacitor for At, signals. At ONE', the input signal is cut off. For attenuation of 
the input, two frequency-compensated attenuators are used at XJO and XlOO positions of 
VERT INPUT .switch. 

The atTipUner consists of a source (ollower, Q203, Self-balancing stage, Q204-Q205 for 
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pushpull ontpDt aiifl an emitter follower wicii Q206-Q207. Tlic ifeflcctioii amplifier scape is 
made up with tJ208-Q209 (high voltage transistors). 

Vertical gain is controlled with VR204 which adpists the feedback m the Q204-Q205 stage. 
Spot po.sitioiiing is dt)jie with VR204 svhich atiju.sts the ba.se bia.' voltage on Q206 (^207 and 
in turn will vary tlie DC voltage to produce the required static deflection. 

Two diode-connected tran.sistor.s, Q201-Q202, are eovinccted across the input of Q203 for 
overload protection. 

4.3 Horizontal Circuits 

4.3.1 Sweep Frequency Generator 

A modified innltivibratoi circuit (run-down type) is u.sed in generating the sweep frequency 
voltage, front lOH/. to over lOOkHv. in four .steps. I ntcrnicdi.itc frcqucncie.s are .set with 
SWEEP VARIABLE control. VR302, wliich adjusts the time consiani of the sasvtooth 
waveform output. 

For synchi on izing the sweep frequency, inpnt.s, + and - , a e derived from the vertical 
deflection amplifier stage, 'I’lie sweep is automatically synchron zed when there is stifiicient 
voltage to produce about 1.5cm trace amplitude, f.ine frcqueiic) .syiichroiiizlng is done with 
a stepped-down voltage from the power transformer, 

4.3.2 Horizontal Amplifier 

Inputs from cjie sweep generator, external sweep source, and phased line frequency circuit 
arc selected with the SW'EEP FREQ Hz switch. The amplifier consists of a source follower, 
Q304 (with overload protector D302J, and a self-balaiiciiig amplifier, Q30.5-(^306, for pushpull 
output to the horizontal CRT deflection plates. 

4.4 Power Supplies and CRT circuit 

The operating voltages arc given in CHART 4-1, 



CHART 4 1 Operating Voltages 



Voltages 


Use 


Rcctiricrs, etc. 


- 1200V (approx.) 


CRT accel. 


D107, D108 (doubler) 


+ 200V 


Final amp. : 


DIOR D104 




.iscigmati.sm 




+8V 1 


Amplifiers 


D102, D103; 


-15 V 


and sweep ckt 


D105, D106 


6.3V AC 


CRT heater 




,30 V AC 


Cal. 0 . 1 Vp-p 
and phase 
circuits 





A simplified schematic far the CRT gun rirciii! is shown in Fig. 11, 

To blank the return trace during the sweep operation, the negative-going voltage of the 
sawtootli waveform is amplified in the blanking circuit, Q307-Q308-Q309 . The output is 
applied to the cathode t.f the CR4'. 
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Fig. 4-1 CRT gun circuit {siinpliricd ), 

5. MAINTENANCE 

5.1 General 

After a long period ol use, it may be necessary to make minor adjustments and/or replacement 
of components. In tliis section, direction arc given for checking .and adjustments. 

5.2 E.xposjng the Chassis 

IMPORT: When cliecking with the AC power turned on, extreme care must be taken not 

CO come into cont.act with the high voltage in the CP,T circuit. 

1. Disconnect AC plug from the AC line. 

2, Referring to Fig. 5-1, remove four screws a.s shown lor covers on each side, and take 
off the covers. 




Fig. 5-1 Removal of covers fright side shwon). 
5.3 Location of Adjustcr,s 

Adjusters on the printed circuit bt'ard are shown in pig- 5-2. 
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5.4 Vertical Amplifier Balancing 

When th err is ,r pronoLinccd shift in tlu- display as VERT (dAfN control is .idjvistcd, llie 
following steps arc takcMi. (NOTE: A sliglu ainoum of shift can be usually tolerated since it 
can be compensated svitK the positioniiig control witliout affecting tlic sensitivity.) 

1. Control settings: 

AC-DC-GND switch at GND. 

VERT INPUT at XI 00 

VERT GAIN at fully counterclockwise, 

HOR GAIN at fully counterclockwise. 

2. Adjustments: 

-Set vertical positioning for spot at middle horizontal line. Rotate VERT GAIN 
to fully clockwise. I'herc should be no vertical shift for proper condition. 

3. If any .sliift occurs, adjust V DC BAL, VR202, using a .sm:rl! screw driver, to return 
die spot to original position. 

4. Repeat process of rotating VERT GAIN back and forth and adjusting VR202 until 
there is no spot movement, or a minimum condition. 

5.5 Vertical Attenuator Frequency Compensation 

1. Set the scope controls for waveform observation. 

2. Set AC-DC-GND switch at DC. 

3. Connect a 1 kfdz square wave (overshoot and sag less tlian 1%) to V IN. 

4. The waveform display at VERT INPUT, XIO and XI 30, should be as shown at “B" 
in Fig. 5-3. 




Fig. 5-3 Attenuator frequency compensation 
5. ff Hot. adjust tritnincrs VC201 and VC202 respectively at XIO and XlOO settings of 
VERT INPUT. 

5-6 Upper Limit of Sweep Frequency 

This adjustment is required ordy when a .single wave of ; llOkHz input is not properly 
displayed. 

1. Control settings: 

.SWEEP FREQ Hz switch at JOOk range, 

SWEEP VARIABLE at fully clockwise. 
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2. Comiccl a llOkHz siiu' wave signal input to V IN. 

3. Adjust FREQ ADJ, VR301, U'r the single wave dispby. 

5.7 Sweep Centering 

1. Control settings; 

AC-DC-(3NF) switch at GND. 

HOR (5AIN at fully coumerclockwise. 

HoriKonial positioning for spot at middle vertical line. 

SWEEP FREQ IR svAich at 10-100. 

2. Adju.stinents: 

HOR GAIN for sweep to cover about 8cm. Under this condition, the trace Icngtii 
eich side of middle line .should be within about 1('% at four frequency settings of 
the switch. 

[f not, adjust SWEEP CTR, VR303, for best averag^e conditions, 

5.8 Calibration Voltage, O.lVp-p 

1. Connect AC plug to the AC line voltage at value specified for the scope. 

2. Set VERT INPUT switch at XR 

3. Connect to V IN a voltage at O.LVp-p from a square wave generator at 50 to lOOOHz. 
(Ifasinc wave is used, adju.st the voltage to 0,0353VTns.) 

4. Adjust VERT GAIN control for tract arnplicude of 5cm. Do not touch this control 
after this step. 

5. Set VERT INPUT switch at CAL O.lVp-p. 

The tract amplitude should be 5cm, if not, then adjust CAL ADJ, VR301, for 
proper amplitude. 

5.8 Astigmatism 

This adjustment is required only when the CRT has been nphieed. 

1. Control sctring.s; 

VERT INPUT at CAL O.lVp-p. 

■SWEEP FREQ H? at LINE. 

2. Adjust LINE SWEEP PHASE control for a circular pattern; adjust FCXfUS control 
for a clear trace. The trace should be uniform in width around the circle. If not, 
adjust ASTIG. VR104. 

5.10 Fuse Replacement 

The rating of the AC line fuse depends on the AC voltage used in operation; use 0.5 A for 
1.00-1 15V or 0.3A for 200-230V. if the fuse blow.s after replacement, check the power 
supply circuits for defective parts, such as rectifiers and filter ca pacitors. 
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